Object. The optimal management of unstable thoracolumbar fractures remains unclear. The objective of the present study was to evaluate the results of using an expandable prosthetic vertebral body cage (EPVBC) in the management of unstable thoracolumbar fractures.
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T horacolumbar fractures are common and can be responsible for neurological compromise and early or delayed posttraumatic kyphotic deformity. Correction and prevention of the kyphotic deformity represent a surgical challenge; presence of a kyphotic deformity has been related to worse clinical outcomes than the absence of such a deformity. 15, 30, 40 Management of unstable thoracolumbar fractures remains a matter of debate in terms of the optimal surgical strategy. Proposed strategies include conservative treatment, a conventional posterior procedure, percutaneous posterior fixation, and anterior approaches (with placement of an iliac bone graft or prosthetic cage). 5, 12, 16, 24, 31, 35, 39 Given this absence of a therapeutic consensus, surgical indications and procedures vary with surgical teams and experience.
Various studies have demonstrated the use of an anterior approach to correct posttraumatic kyphosis and stabilize thoracolumbar fractures. 2, 27, 28, 34, 37 However, the ability of anterior arthrodesis to prevent delayed kyphosis remains is a matter of debate, even though the procedure can be required for Magerl Type A.3.2 and A.3.3 burst fractures or for intervertebral disc lesions.
Among the various anterior techniques, an iliac bone graft is commonly used to promote a solid intervertebral fusion. 4, 6 However, recent technical advances and complications associated with graft material have led to the development of titanium vertebral body cages as alternatives to iliac bone grafting.
The objective of this study was to evaluate the use of expandable titanium vertebral body cages for the management of thoracolumbar unstable spine fractures.
Methods
Study Design and Patient Population
A total of 85 patients were included in this retrospecCircumferential management of unstable thoracolumbar fractures using an anterior expandable cage, as an alternative to an iliac crest graft, combined with a posterior screw fixation: results of a series of 85 patients tive study, which was approved by the ethics committee of the Aix-Marseille University and undertaken after informed consent was obtained from each patient. Patients were admitted for the management of an unstable thoracolumbar fracture. Inclusion criteria required the presence of a burst fracture or unstable vertebral fracture that would require an anterior arthrodesis according to the Load Sharing Classification described by McCormack et al. 21 The presence of initial neurological deficit was not an exclusion criterion. A modified Frankel scale grade was determined (American Spinal Injury Association/International Medical Society of Paraplegia. International standards for neurological and functional classification of spinal cord injury patients [revised] . Chicago, IL: American Spinal Injury Association, 1992). Patients with a medical history of metastatic or evolving cancer, severe osteoporosis, or inflammatory and active infectious disease were excluded from the study. Severe osteoporosis was defined as 2 or more osteoporotic fractures and confirmed on osteodensitometry.
Initial CT scanning was performed systematically to classify the fracture, to determine the need for an anterior intervertebral graft, and to establish radiographic measurements.
Patients were evaluated early after surgery, at 3 months, at 1 year, and then annually thereafter. Postoperative radiographic evaluation included CT scans in all the cases, to measure the restored vertebral body height and regional and vertebral kyphosis. At 3 months, 79 patients were evaluated. At 1 year, 50 patients were evaluated.
Pain was evaluated using a visual analog scale (VAS) in the preoperative period, on the day of discharge, at 3 months (79 patients), and at 1 year (50 patients) after surgery. Functional outcome was evaluated using the Oswestry Disability Index 17 at 1 year postoperatively in the 50 patients available at that follow-up time. Disability was considered minimal when between 0%-30%, moderate between 31%-50%, and severe between 51%-100%.
Fracture Classification
Thoracolumbar fractures were classified according to the Magerl Classification and Load Sharing Classification 20 : 75 fractures were classified as Type A.3.3, 3 as Type A.3.2, and 7 as Type C. The Magerl classification grade was determined using axial, coronal, and sagittal CT scans, which also allowed for measurement of vertebral height and the regional and vertebral kyphosis angle. According to the Load Sharing Classification, patient scores averaged 8.1 (range 7-9).
Vertebral height was defined as the ratio between the height of the anterior wall of the fractured vertebral body and the height of the anterior wall of the inferior adjacent body. Vertebral regional kyphosis was defined as the angle between the superior endplate of the adjacent superior vertebra and the inferior endplate of the inferior adjacent vertebra. Vertebral kyphosis was defined as the angle between the superior and inferior endplates of the fractured vertebral body. Postoperative vertebral height and the regional and vertebral angle were systematically compared with findings on preoperative CT scans.
Surgical Indication
In cases of unstable thoracolumbar fractures (Magerl Type A.3.2, A.3.3, and C fractures), because surgery was indicated, we used a posterior approach except in cases of thoracic fractures with an intact posterior wall. Shortsegment fixation (1 level above and 1 level below) procedure was classically performed except in cases involving Magerl Type C fractures, severe kyphotic deformity, or significant vertebral height loss that required fixation encompassing the 2 levels above and 2 levels below the fracture. Conventional posterior approaches were used in all the cases with neurological deficit, and a percutaneous procedure was used in all the other cases. A second procedure, anterior fixation, was proposed in cases of previous significant vertebral height loss (> 40%), previous severe kyphotic deformity, an MRI-documented intervertebral disc lesion, and cortical bone intervertebral disc herniation. Postoperative CT scanning helped in deciding on whether anterior fixation should also be performed. A combined posterior-anterior approach was chosen in cases of pseudarthrosis, severe vertebral height loss, or kyphotic deformity requiring anterior fixation.
Surgical Technique
Kyphosis correction was systematically performed. Posterior approaches were used to stabilize and reduce kyphotic deformity.
The anterior approach technique was adapted to the respective level of the fractured vertebra: 1) A mini-thoracotomy (4-cm skin incision) was performed for T7-8 fractures, using a right lateral approach under fluoroscopic guidance and selective intubation for pulmonary retraction. A partial rib resection was performed via a subperiosteal pathway, enabling a parietal pleural layer exposure. After incision of the parietal layer, a trans-or retropleural approach was performed. 2) For fractures between T-9 and L-1, a transthoracic approach was combined with a subcostal retroperitoneal procedure, using a left lateral approach through a 5-cm skin incision. 3) For fractures between L-2 and L-4, a left subcostal retroperitoneal approach was used. Muscle dissection and incision provided access to the retroperitoneum. 4) In all cases, the fractured vertebral body was located using fluoroscopy. A partial corpectomy was performed and then completed by resection of the superior and inferior discs. The goal of the surgery was not to completely decompress the canal but only to create space for the cage, except in cases of persistent anterior spinal cord compression. An expandable vertebral body cage (V-lift, Stryker; or TeCorp, Scient'x), filled with cancellous bone obtained from the corpectomy site and the rib, was then centrally positioned before distraction. Additional anterior fixation, if needed, was performed using a screw/plate system (Vantage, Medtronic; or Lyra, Scient'x). Intraoperative blood loss and operating time were quantified.
Fusion Criteria
Fusion criteria, based on CT scans and spine radiographs, were as follows: the absence of hypodensity around pedicular screws, absence of or minimal presence of vertebral height loss, absence of significant cage impaction, absence of hardware failure, absence of vertebral plate hyperdensity, and presence of trabecular bone bridge formation around and inside the intervertebral cage.
The fusion was considered complete when all these criteria were observed. When intervertebral body bone bridges were not completely fused, especially around the cage, we concluded that fusion was incomplete. 3, 18, 32 Control CT scans were reviewed and analyzed by a specialist radiologist not involved in the patient treatment.
Statistical Analysis
Statistical analysis was performed using a Wilcoxon t-test. The level of significance for all the statistical analyses was set at 5%.
Results
Patient Population
A total of 85 patients were included in this retrospective study and were treated by a single spine surgeon for thoracolumbar fractures from T-7 to L-4 ( Fig. 1) . Posterior and anterior approaches were used. Overall, there were 41 females and 44 males whose mean age was 41 years (range 16-74 years). The mean follow-up duration was 16 months (range 6-36 months). Six patients were lost to (3-month) follow-up and 50 patients were available for 1-year follow-up.
The total mean delay between the posterior and anterior approach was 7 days. The mean delay was 11 days (range 2-45 days) when an anterior approach was determined to be needed following posterior surgery. The mean delay was 161 days (range 45-330 days) when pseudarthrosis was seen following posterior fixation. Overall, 18 patients had pseudarthrosis, including 4 patients who had previously undergone surgery via a posterior approach. Posterior and anterior approaches were performed in the same session in 12 cases.
Preoperative neurological evaluation using the Frankel classification revealed Grade E status in 74 patients, Grade A in 9, and Grade C in 2.
Vertebral Height Loss Correction
Anterior fixation using expandable titanium cages significantly enhanced vertebral height loss relative to that seen on preoperative CT scan, with an average gain of +19% in the 85 patients (p = 0.0001). The mean CTdocumented vertebral height loss was -46% on the preoperative scan, -27% after posterior fixation, and -14% after anterior cage placement (Fig. 2) . Therefore, anterior fixation provided a +13% increase in vertebral body height (p = 0.0001). In each case, expansion of the cage was performed (Fig. 3) . During follow-up evaluation (3 months [n = 79] and 1 year [n = 50]), the mean vertebral height loss was -14% and -13%, respectively. No significant difference (p = 0.6) was found when comparing early, 3-month, and 1-year postoperative vertebral height loss (Fig. 4) .
Correction of the Kyphotic Deformity
Mean corrections of the vertebral regional kyphosis angle and vertebral kyphosis seen immediately postoperatively in the 85 patients were -1° and -2°, respectively (p = 0.08). Therefore, vertebral regional kyphosis angle and vertebral kyphosis were not significantly reduced by the anterior fixation and cage expansion (Fig. 3) . The main kyphosis correction was the result of posterior distraction, with an average reduction of -7°. No significant difference was found when comparing early, 3-month, and 1-year postoperative vertebral regional kyphosis angle (p = 0.3) (Fig. 4) .
Vertebral Prosthetic Cage Subsidence
Postoperative subsidence of the prosthetic cage in the superior or inferior vertebral endplate was observed in 35% of the cases. This subsidence was millimetric (2-7 mm) and was not correlated with postoperative pain. No subsidence worsening was observed during the follow-up of the 79 patients at 3 months and the 50 patients at 1 year.
Surgical Data
The mean operating time for an anterior approach was 69 minutes, with an average of 60 minutes for a subcostal retroperitoneal approach and 80 minutes for a thoracotomy. The mean operating time for a combined posterior-anterior approach was 185 minutes.
Average blood loss related to the anterior approach was 250 ml, and no perioperative blood transfusion was required.
Postoperative Complications
Postoperative pleural fluid collections were observed in 4 cases, with only 1 case that required chest tube drainage for a recurrence 5 days after surgery. No severe complications were observed following the subcostal retroperitoneal approach.
On the whole, no infections were found after the anterior approach, and no anterior revision surgery was required. Three patients had a posterior infection, with favorable outcomes after surgical revision and long-term adapted antibiotic therapy. Six postoperative urinary tract infections were diagnosed. In each case, patients were suffering from neurological sphincter deficit and underwent bladder drainage.
Three cases of postoperative neuropathic pain were observed, with eventual favorable outcomes.
Fusion Status
Complete fusion was observed between 3 months and 1 year after surgery. At 3 months, incomplete fusion was observed in each case (79 cases): bone fusion inside the cage and intervertebral bone bridge formation around the cage. Complete fusion was systematically observed at 1 year without any case of hardware failure or rod fracture (50 of 50 cases). Subsidence, when documented on the postoperative CT scan, remained stable without delayed migration of the cage. No surgical revision was required after anterior fixation.
Functional Outcome
Back pain was evaluated using a 10-point VAS. In 50 patients for whom 1-year follow-up data were available, the mean VAS back pain score was 8 before surgery, 6 on the day of discharge from the hospital, 4 at 3 months after surgery, and 3 at 1 year after surgery. At 1 year postoperatively, in the same 50 patients, 29% had no pain, 57% intermittent pain, and 14% permanent pain, respectively (Fig. 5) .
The Oswestry Disability Index was used to evaluate 50 patients at 1 year after surgery; 54% had minimal disability, 39% had moderate disability, and 7% had severe disability (Fig. 6 ). Of the patients with a job, 72% returned to work at an average of 6 months after surgery (range 3 weeks to 2 years).
Discussion
Surgical Strategy
Despite numerous published reports, the optimal management of unstable thoracolumbar vertebral fractures remains without strong therapeutic consensus. Conservative therapies using braces have been advocated for burst fractures in patients without neurological symptoms and with moderate kyphosis deformity (< 40% of vertebral height loss and < 50% of spinal canal stenosis). 12, 24, 30, 35, 39 However, as observed in some patients in our series, the possibility of a delayed kyphotic deformity underlines the risk associated with insufficient fixation and stabilization of thoracolumbar fractures. The aim of surgical management of these vertebral lesions is to decompress neural structures, to stabilize spinal instability, and to correct the posttraumatic kyphotic deformity. Numerous techniques have been described to date, but choosing the best one remains complicated and the choice depends on various factors related to the fracture, the patient, and the surgical team's experience. Currently, no significant correlation between kyphosis correction and clinical outcomes has been demonstrated, perhaps due to the difficulty of determining the optimal outcomes criteria. 15, 30, 40 As an example, the major factors for return to work are associated with education level and absence of compensatory complaints. 5, 31, 36 Like many authors, we contend that surgical management of unstable spinal fractures can provide satisfactory results, but questions remain as to how best to treat these lesions. Performing short-segment posterior fixation with pedicle screws can allow lordotic distraction for restoration of vertebral body height and kyphosis correction. 1, 16, 23, 31 A posterior approach can also achieve good decompression when required.
However, many studies have reported as much as 7°-16° kyphosis reduction loss during the 1st postoperative year, mainly owing to lesions of the superior intervertebral disc and the superior endplate of the fractured vertebra. 1, 16, 19, 23, 25, 31, 39 To prevent this loss of correction, pos- terior fusion has been recommended, but posterior bone grafts have also been reported to be unable to prevent delayed postoperative kyphotic deformity. 1, 16, 23, 31 In 4 cases in the present series, a delayed postoperative kyphotic deformity required complementary anterior fixation with a vertebral prosthetic cage implantation, underscoring the potential interest of early anterior fixation.
Anterior Approach: Long-Term Stable Kyphosis Correction With Limited Adverse Effects
Some authors have proposed anterior approach surgery as the first and even only procedure. The main drawback with this strategy is that during the first few days following the fracture the intraoperative hemorrhagic risk 5 . Postoperative back pain study. Back pain intensity was quantified using a VAS in 50 patients during the posttraumatic preoperative period, when leaving the hospital, at 3 months after surgery, and at 1 year after surgery. is higher, potentially requiring blood transfusion and extending surgical time and posing difficulties. 5, 22, 29 Similarly, blood loss appears to be significantly higher during anterior surgery than posterior surgery in the first few posttraumatic days. 5, 19, 22, 29, 41 Moreover, anterior fixation provides less kyphosis correction than posterior fixation, even if it leads to better long-term kyphosis correction outcomes. 5, 8, 11, 14, 26, 41 Performing a combined approach can therefore be a good option, and mechanical studies have highlighted the association of the combined approach with good spinal stability. 28, 34 Thus, combining the anterior approach and posterior approach 2 and using expandable cages could be an alternative strategy to enhance vertebral deformity correction when compared with option involving nonexpandable cages. Results from the literature show a moderately better distraction force associated with expandable cages compared to nonexpandable cages 7 and similar biomechanical properties. 28 Comparing the combined approach with an isolated posterior approach, Verlaan et al. 37 observed a mean 10° kyphosis reduction loss during the first postoperative year following a posterior approach alone. Combining a posterior approach with anterior implantation of a titanium cage, Payer et al. observed a mean 3° kyphosis reduction loss during the first 2 postoperative years. 27 Biomechanical studies have shown that titanium vertebral cages are resistant to axial compression. 28 Our findings are in agreement with these findings; we observed no significant kyphosis correction loss at the last follow-up and complete fusion was documented in 50 of 50 patients 12 months after surgery.
To avoid a second anterior approach procedure, some authors have described a corpectomy and vertebral prosthetic cage implantation via a posterior approach alone. 9, 13, 33 However, despite the interest of this theoretically, in practice cage implantation via a posterior approach remains questionable in terms of the risk of spinal cord injury during implantation. One should also consider the increased risk of severe bleeding and sepsis-related complications associated with a longer operating time. 9, 13, 33 In our study, adverse effects of the anterior approach were moderate 10, 38 (no case of cage infection and no surgical revision after the anterior approach), and classic adverse effects after thoracotomy and subcostal retroperitoneal approach were acceptable. 27 
Prosthetic Vertebral Cage or Iliac Bone Graft
One advantage of titanium prosthetic vertebral cages is that one can avoid harvesting of iliac crest bone and thus donor-site complications such as infection, hematoma, iliac crest fracture, and delayed neuropathic pain with postoperative meralgia. Also, the biomechanical properties of the cages are similar to those of iliac bone graft: no difference has been demonstrated in terms of stability and fusion status rate. 4, 6 Vertebral cages could be considered as a structural support for bone graft.
Combined Posterior and Anterior Approach
The limited adverse effects of the anterior approach and vertebral cage implantation, with moderate blood loss and favorable long-term outcomes, led us to consider a single operation that combines percutaneous posterior fixation and anterior cage placement. The main objectives are to limit general anesthesia procedures for the patient and accelerate postoperative recuperation, which reduce care costs. In our opinion, vertebral fracture pseudarthrosis appears to be an excellent indication for performing a combined approach in a single procedure because the delay in the traumatic injury limits bleeding risk. However, favorable outcomes and limited complications suggest that the indications could be extended to acute thoracolumbar fractures.
Conclusions
Expandable titanium vertebral cage implantation in a procedure that combines the posterior and anterior approach to manage unstable thoracolumbar fractures is safe and effective in providing long-term vertebral body height and kyphosis correction; the fusion rate was excellent and risks were moderate. Anterior cage implantation represents an interesting alternative to iliac bone graft fusion and the combined approach can, with experience, even be considered in a single surgical procedure without additive risks.
